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[57] ABSTRACT

In an apparatus for driving a piezoelectric element used
for closing and opening a valve member, a first-step
voltage is applied to the piezoelectric element to move
the valve element near to a valve seat, and thereafter, a
second-step voltage higher than the first-step voitage is
applied to the piezoelectric element to seat the valve
element securely on the valve seat.
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APPARATUS FOR DRIVING PIEZOELECTRIC
ELEMENT FOR CLOSING AND OPENING VALVE
MEMBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
driving a piezoelectric element which is used as a fuel
injection valve of a gasoline engine, a diesel engine, or
the like.

2. Description of the Related Art

A high response characteristic piezoelectric element
is applicable to an actuator of a fuel injection apparatus |,
of a gasoline engine, a diesel engine, and the like (see:
Unexamined Japanese Patent Publication (Kokai) Nos.
60-249877 and 62-17338). For example, there 1s sug-
gested a fuel injection apparatus which includes a
plunger driven by an engine; a fuel pressure chamber .,
filled with fuel and pressurized by the plunger; a needle
move in response to a fuel pressure within the fuel pres-
sure chamber, the needle being opened when the fuel
pressure is larger than a predetermined pressure; an
overflow valve associated with a valve member which ,,
is slidably inserted into a slidable hole and is controlled
by the pressure within a pressure control chamber ar-
ranged coaxially with the slidable hole; and a vanable
volume chamber connected to the pressure control
chamber and changed by an actuator, to thereby close ;,
the overflow valve to shut off the fuel from the fuel
pressure chamber when the volume of the variable
volume chamber is reduced, to increase the pressure
within the pressure control chamber.

In the above-mentioned fuel injection apparatus, 3s
however, to initiate a fuel injection, when the volume of
the variable volume chamber is reduced to increase the
pressure within the pressure control chamber, the over-
flow valve associated with the valve member is moved
at a high speed, and thereafter, the overflow valve 1s 49
rapidly moved on to a valve seat. As a result, although
the overflow valve and the valve member are closed at
the same time, the overflow valve and the valve mem-
ber bounce and thus do not remain on their valve seats,
whereby the overflow valve is again opened. There- 45
fore, since an overflow of the fuel in the fuel pressure
chamber occurs, the fuel injection pressure can not
smoothly rise to a high pressure.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
avoid jumping (bouncing) of the valve member (1.e., the
overflow valve) when the valve is closed.

According to the present invention, there is provided
an apparatus for driving a piezoelectric element to 55
transmit a displacement of the piezoelectric element via
a liquid to a valve member to thereby close and open a
valve, comprising; a high DC voltage generating
means: a charging switching means, connected to the
high DC voltage generating means and the piezoelec- 60
tric element, for generating a first voltage and applying
it to the piezoelectric element for a predetermined time
so that the valve member is brought near to a valve seat,
and thereafter, increasing an applied voltage to the
piezoelectric element from the first voltage to a second 65
voltage higher than the first voltage, so that the valve
member is seated on the valve seat, to thereby close said
valve; and a discharging switching means, connected to

10
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the piezoelectric element, for discharging charges
stored in the piezoelectric element to open the valve.
That is, in the above-mentioned apparatus, a first-step
voltage such as 350 V is applied to the piezoelectric
element to move the valve member near to the valve
seat, and thereafter, a second-step voltage such as 800 V
higher than the first-step voltage is applied to the piezo-
electric element to seat the valve member securely on

the valve seat.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly under-
stood from the description as set forth below, with
reference to the accompanying drawings, wherein:

FIG. 1 is a cross-sectional view of a fuel injection
apparatus of FIG. 4 according to the present invention

taken along the line I—I thereof;
FIG. 2 is a partly enlarged cross-sectional side view

of FIG. 1; |

FIG. 3 is a cross-sectional view taken along the fine
III—III of FIG. 4;

FIG. 4 is a cross-sectional side view taken along the
line IV—IV of FIG. 1;

FIG. § is a cross-sectional side view taken along the
line V—V of FIG. 1 and the line V—V of FIG. 7;

FIG. 6 is a plan view of FIG. 1;

FIG. 7 is a cross-sectional plan view taken along the

line VII—VII of FIG. 1;

FIG. 8 is a block diagram schematically tllustrating a
general apparatus for driving the piezoelectric of FIGS.
1 through 7;

- FIG. 9 is a circuit diagram illustrating a prior art
apparatus for driving a piezoelectric element;

FIGS. 10A through 10B are timing diagrams show-
ing the operation of the circuit of FIG. 9;

FI1G. 11is a circuit diagram illustrating a first embodi-
ment of the apparatus for driving a piezoelectric ele-
ment according to the present invention;

FIGS. 12A through 12F are timing diagrams show-
ing the operation of the circuit of FI1G. 11;

FIG. 13 is a circuit diagram of an ignition circuit for
generating the ignition signals of FIG. 11;

FIGS. 14A through 14H are timing diagrams show-
ing the operation of the circuit of FIG. 13;

FIG. 15 is a circuit diagram illustrating a second
embodiment of the apparatus for driving a piezoelectric
element according to the present invention;

FIGS. 16A through 16H are timing diagrams show-
ing the operation of the circuit of FIG. 15; and

FIG. 17 is a circuit diagram illustrating a third em-
bodiment of the apparatus for driving a piezoelectric
element according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First, a fuel injection apparatus according to the pres-
ent invention, to which an apparatus for driving a piezo-
electric element is applied, will be explained with refer-
ence to FIGS. 1 through 7.

Referring to FIGS. 1 to 4, 1 designates a housing
body; 2 a nozzle having a nozzie hole 3 on an end
thereof: 4 a spacer; 5 a sleeve; and 6 a nozzle holder for
fixing the nozzle 2, the spacer 4, and the sleeve 5 to the
housing body 1. A needle 7 1s slidably inserted in the
nozzle 2 to control the opening and closing of the noz-
zle hole 3, and the top of the nozzle 7 is connected, via
a pressure pin 8, to a spring retainer 9. This spring re-
tainer 9 is always biased downward by a compression
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spring 10, and this biasing force is transmitted, via the
pressure pin 8, to the needle 7. Therefore, the needle 7
is always urged toward the closing direction by the
compression spring 10.

Further, a plunger hole 1 is formed coaxially with the

needle 7, and a plunger 12 is inserted slidably into the
plunger hole 11. An upper end of the plunger 12 is
connected to a tappet 13 which is always biased upward
by a compression spring 14. This tappet 13 is moved up
and down by a cam (not shown) driven by the engine,
and accordingly, the plunger 12 is moved tp and down
within the plunger hole 11. Furthermore, a fuel pressure
chamber 15 is formed in the plunger hole 11 below the
plunger 12, defined by a lower end face 12a thereof.
This fuel pressure chamber 15 is connected, via a rod-
type filter 16 and a fuel passage 17 (FIG. 4), to a needle
pressure chamber 18 connected, via a ring-shaped fuel
passage 19, to the nozzle hole 3. Also, as shown 1n F1G.
3, when the plunger 12 is located at an upper position, a
fuel supply port 20 opening to the fuel pressure chamber
15 is formed, so that fuel having a feed pressure of about
2 to 3 kg/cm?is supplied from the fuel supply port 20 to
the fuel pressure chamber 15. This fuel supply port 20 is
connected via a fuel exhaust passage 20ag extending
perpendicular to the fuel supply port 20 and the relief
valve (not shown), to the fuel tank (not shown). Also, as
shown in FIG. 3, in view of forming a passage in the
injection apparatus, another fuel port i1s formed on the
opposite side of the fuel supply port 20 with respect to
the plunger hole 11, and an external end of this fuel port
21 is closed by a blind plug 22. This fuel port 21 1s
extended coaxially with the fuel supply port 20 and
leads to the plunger hole 11. Provided inside of the
plunger hole 11 is a circular groove 23 extending from
the fuel supply port 20 to the fuel port 21. Therefore,
when the plunger 12 descends to close the connection
between the fuel supply port 20 and the fuel port 20, the
fuel supply port 20 and the fuel port 21 are connected
via the circular groove 23, whereby the fuel pressure
within the fuel port 21 is retained at the same feed pres-
sure as that at the fuel supply port 20. A compression
spring accommodating chamber 24 for accommodating
the compression spring 10 for biasing the needle 7 is
connected via a fuel return passage 25 to the fuel supply
port 20, and therefore, any leakage of fuel into the com-
pression spring accommodating chamber 24 1s returned
via the fuel return passage 25 to the fuel supply port 20.
Further, a circular groove 26 is formed on the periph-
ery of the plunger 12 immediately above a plunger
lower surface 12a, and the circular groove 26 i1s con-
nected, via a fuel relief hole 27 formed in the plunger 12,
to the fuel pressure chamber 15.

Furthermore, a slidable hole 30 1s formed traversely
within the housing body 1, on the periphery of the
plunger hole 11. Namely, this slidable hole 30 1s ar-
ranged and spaced in paraliel to a line approximately
perpendicular and coaxial to the axes of the plunger 12
and the needle 7. An overflow valve 31 1s slidably in-
serted into the slidable hole 30. As shown in FIGS. 1
and 2, the slidable hole 30 has a small-radius hole 32 and
a large-radius hole 33 arranged coaxially to each other,
and a step portion 34 is formed perpendicular to the
common coaxial line of the smail-radius hole 32 and the
larger-radius hole 33. A ring-shaped valve seat 35 is
formed at the connection portion of the step portion 34
and the small-radius hole 32. Moreover, the overflow
valve 31 has a small-radius portion 36 located within the
small-radius hole 32 and a larger-radius portion 37 lo-
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cated within the small-radius hole 33. A first ring-
shaped fitting portion 38 ts formed at an external end
portion of the small-radius portion 36, to be in close
contact with the inner wall of the small-radius hole 32,
and a second ring-shaped fitting portion 39 is formed at
an external end portion of the larger-radius portion 37,
to be in close contact with the inner wall of the larger-
radius hole 33. A ring-shaped valve portion 40 is formed
on the external circumference of the overflow valve 31
between the first and second ring-shaped fitting por-
tions 38 and 39, and can be seated on the valve seat 33.
A ring-shaped pressured fuel introducing chamber 41 1s
formed on an external circumference of the overflow
valve 31 between the ring-shaped valve portion 40 and
the first ring-shaped fitting portion 38, and a ring-
shaped fuel overflow chamber 42 1s formed on an exter-
nal circumference of the overflow valve 31 between the
ring-shaped valve portion 40 and the second ring-
shaped fitting portion 39. As shown in FIG. 2, the ra-
dius of the external circumference of the large-radius
portion 37 defining the fuel overflow chamber 42 is
larger than that of the small-radius portion 32, and
therefore, the volume of the fuel overflow chamber 42
is very large. An external end portion of the small-
radius portion 32 is closed y a blind plug 43, and an
overflow valve back pressure chamber 44 is formed
between the biind plug 43 and the overflow valve 31. In
this overflow valve back-pressure chamber 44, a com-
pression spring 45 is provided to separate the ring-
shaped valve portion 40 of the overflow valve 31 from
the valve seat 35, i.e., to activate the overflow valve 3 to
move in the valve open direction. A fuel passage 46
opening to the fuel overflow chamber 42 is provided
along the radial direction within the large-radius por-
tion 37 of the overflow valve 31. A fuel passage 47
opening to the overflow valve back-pressure chamber
44 is provided along the axial direction within the small-
radius portion 36. These fuel passages 46 and 47 are
connected to each other within the overflow valve 31,
and therefore, the overflow valve back-pressure cham-
ber 4 is connected, via the fuel passages 46 and 47, to the
fuel overflow chamber 42. A concave groove 49 1s
formed at the middle of an end surface 48 of the over-
flow valve 31 on the second ring-shaped fitting portion
39, and therefore, since the concave groove 49 and the
fuel passages 46 and 47 are provided in the overflow
valve 31, the mass of this overflow valve 31 1s very
small.

As shown in FIG. 4, a fuel overflow passage 50 ex-
tending from the fuel passage 17 and leading to the
pressurized fuel introducing chamber 41 is formed in
the housing body 1. This fuel overflow passage 50 i1s
always connected to the fuel pressure chamber 15, and
therefore, the pressurized fuel introducing chamber 41
1s always connected to the fuel pressure chamber 15.
Also, as shown in FIG. 7, the overflow valve back-pres-
sure chamber 44 is connected, via the fuel passage 31, to
the fuel passage 52 extending along the perpendicular
direction 1n FI1G. 7, and as shown in FIG. 3, a lower end
portion of this fuel passage 32 i1s connected to the fuel
port 21. Further, as shown in FIG. 7, the fuel overflow
chamber 42 is connected to the fuel exhaust passage 53,
and fuel flowing out of the fuel exhaust passage 53 is
returned to the fuel tank (not shown).

As shown in FIGS. 1 and 2, a rod guide 61 for guid-
ing a rod 60 is provided at an external end portion of the
large-radius hole 33 of the slidable hole 30. This rod
guide 61 has a rod hole 62 fitted therein. The rod 60 has
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a hollow cylindrical small-radius portion 63 slidably
inserted into the rod hole 62, and a large-radius portion
64 slidably inserted into the large-radius hole 33, and an
end surface of the large-radius portion 64 abuts against
the end surface 48 of the overflow valve 31. A rod
back-pressure chamber 65 is formed between an internal
end portion of the rod guide 61 and the large-radius
portion 64 of the rod 60. A pressure control chamber 66
defined by an end surface 63a of the small-radius por-
tion 63 is provided at an end portion of the rod 60 oppo-
site to the large-radius portion. As shown in FIGS. 1
and 2, the rod 60 is hollow and cylindrical, and there-
fore, the mass of the rod 60 is very small.

Further, a pressure control mechanism 67 is arranged
adjacent to the pressure control chamber 66. This pres-
sure control mechanism 67 has a valve chamber 674
coaxially arranged with the pressure control chamber
66, a ring-shaped valve seat 675 formed in the connec-
tion portion of the pressure control chamber 66 and the
valve seat 674, and a valve member 67d which can be
seated on the valve seat 67 by a compression spring 67c.
A throttle passage 67¢ connecting the pressure control
chamber 66 to the valve chamber 67a is provided in the
valve member 67d, and an actuator 70 is arranged above
the valve chamber 67a.

As shown in FIGS. 1 and 5 the actuator 70 has an
actuator housing 72 formed as one body with the hous-
ing body 1 and having a piston hole 71 therein, a piston
73 slidably inserted into the piston hole 71, a terminal
plate 74 covering a top portion of the actuator housing

72, an end plate holder 75 for fixing the end plate 74 to-

the top of the actuator housing 72, and a synthetic resin
cap 76 covering the upper end portion of the terminal
plate 74. A piezoelectric element 77 having a large
number of laminated piezoelectric plates is inserted
between the piston 73 and the end plate 74, and a vari-
able volume chamber 78 defined by the lower end sur-
face of the piston 73 is formed within the piston hole 73
below the piston 71. This variable volume chamber 78 is
connected, via a fuel passage 79, to the valve chamber
674d. A ring-shaped cooling chamber 80 is formed be-
tween the piston 73 and the actuator housing 72. Also,
a compression spring 81 for always activating the piston
71 upward is inserted within the cooling chamber 80.
When the piezoelectric element 77 is changed, the pi-
ezoelectric element 77 expands along the axial direction
thereof, to reduce the volume of the variable volume
chamber 78. Further, when the piezoelectric element 77
is discharged, the piezoelectric element 77 contracts
along the axial direction thereof, to increase the volume
of the variable volume chamber 78.

As shown in FIG. §, a check valve 82 is inserted into
the housing body 1. This check valve 82 has a ball 84 for
controlling the opening and closing of a valve port 83,
a rod 85 for defining the amount of lift of the ball 84,
and a compression spring 86 for always biasing the ball
84 and the rod 85 downward, i.e., the valve port 83 1s
usually closed. The valve port 83 of the check valve 82
is connected, via a fuel inlet passage 87, to the low
pressure fuel pump (not shown), and therefore, fuel
having a low pressure of 2 to 3 kg/cm? is supplied from
the fuel inlet passage 87. The check valve 82 can allow
a flow of fuel only toward the fuel inlet passage 87, and
therefore, when the fuel pressure within the variable
volume chamber 78 becomes lower than 2 to 3 kg/cm?,
fuel is replenished via the check valve 82, in the variable
volume chamber 78. Therefore, the variable volume
chamber 78, the valve chamber 674, and the pressure
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control chamber 66 are always filled with fuel. Further,
as shown in FIG. §, a lower end of the cooling chamber
80 is connected via a fuel inlet passage 88 to the low
pressure fuel pump (not shown), so that fuel having a
low pressure of 2 to 3 kg/cm¢? is supplied from the fuel
inlet passage 88 to the cooling chamber 80, to thereby
cool the piezoelectric element 77. Also, as shown 1n
FIG. 3, the lower end of the cooling chamber 80 1s
connected via a fuel exhaust passage 89 to the tuel sup-
ply port 20, and a check valve 90 is provided in the fuel
supply port 20. As a result, fuel 1s fed from only the
cooling chamber 80 to the fuel supply port 20. This
check valve 90 has a ball 92 for controlling the opening
and closing of a valve port 91, a rod 93 for defining the
amount of lift of the ball 92, and a compression spring 94
for always biasing the ball 92 and the rod 93 downward.
The fuel in the cooling chamber 80 cools the piezoelec-
tric element 77, and thereafter, is supplied via the fuel
exhaust passage 89 to the fuel supply port 20. Also, as
shown in FIGS. 1 and 2, the lower end of the cooling
chamber 80 is connected via a fuel passage 95 to the rod
back-pressure chamber 65, and therefore, the chamber
65 is filled with fuel at a pressure of 2 to 3 kg/cm=.

As explained above, fuel 1s supplied via the fuel mlet
passage 88 to the cooling chamber 80, and thereafter,
this fuel cools the piezoelectric element 77. This fuel 1s
then supplied, via the fuel exhaust passage 89 and the
check valve 90, to the fuel supply port 20. As shown in
FIG. 3. when the plunger 12 is located at the upper
position, fuel is supplied from the fuel supply port 20 to
the fuel pressure chamber 15. Therefore, at this time,
the pressure within the fuel pressure chamber 151sata
low level of about 2 to ’kg/cm¢. Further, at this time,
the piezoelectric element 77 1s located at the maximum
contracted position, and the fuel pressure within the
variable volume chamber 78 and the pressure control
chamber 66 is at a low level of about 2 to 3 kg/cm?.
Therefore, the overflow valve 31 is moved to the right
in FIGS. 1 and 2 by the spring force of the compression
spring 45, so that the ring-shaped valve portion 40 1s
separated from the valve seat 35. That is, the overflow
valve 31 is opened. Therefore, on one hand, fuel at a
low pressure in the fuel pressure chamber 135 is supplied,
via the fuel overflow passage 50 and the pressurized fuel
introducing chamber 41, to the fuel overflow chamber
42, and on the other hand, the above-mentioned fuel is
supplied, via the fuel passage 52 and 51, the overflow
valve back-pressure chamber 44, and the fuel passages
47 and 46 of the overflow valve 31, to the fuel overtflow
chamber 42. Fuel supplied to the overflow chamber 42
is expelled from the fuel exhaust passage 33. Therefore,
at this time, the pressurized fuel introducing chamber
41, the fuel overflow chamber 42, and the overflow
valve back-pressure 44 are filled with fuel having a low
pressure of about 2 to 3 kg/cm?,

Next, when the plunger 12 descends, although the
fuel supply port 20 and the fuel port 21 are closed by the
plunger 12, the overflow valve 31 is opened so that fuel
in the fuel pressure chamber 15 1s expelled via the fuel
overflow passage 50 and the pressurized fuel introduc-
ing chamber 41 of the overflow valve 22 to the fuel
overflow chamber 42. Therefore, also in this case, the
fuel pressure in the fuel pressure chamber 15 1s at a low
level of about 2 to 3 kg/cm-.

Next, when the piezoelectric element 77 1s charged,
to inttiate a fuel injection, the piezoelectric element 77 1s
axially expanded, so that the piston 73 is pushed down
to rapidly increase the fuel pressure within the variable
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volume chamber 78 and the valve chamber 67a. At this
time, since the valve member 67d is seated on the valve
seat 675, fuel at a high pressure in the valve chamber 67

1s spilled via the throttle passage 67¢ to the pressure

control chamber 66. As a result, the fuel pressure in the
pressure control chamber 66 is increased at a lower rate
than the fuel pressure in the variable volume chamber
78 and the valve chamber 67a. When the fuel pressure in
the pressure control chamber 66 is increased at such a
low rate, the rod 60 is moved to the left at a low rate,
and accordingly, the overflow valve 31 is also moved to
the left at a low rate, so that the ring-shaped valve
portion 40 of the overflow valve 31 abuts against the
valve seat 35 at a low rate to close the overflow valve
31. Thus, since the overflow valve 31 abuts against the
valve seat 35 at a low rate, bouncing of the overflow
valve 31 at the valve seat 3§ cannot occur. Therefore,
once the overflow valve 31 is closed, this valve is held
in the closed state. Also, since the rod 60 is also moved
at a low rate, when the overflow valve 31 abuts against
the valve seat 38§, the rod 60 is not separated from the
overflow valve 31. Therefore, since the fuel pressure 1n
the pressure control chamber 66 is still applied to the
valve member 31, the overflow valve 31 1s held in the
closed state. When the overflow valve 31 is closed, the
fuel pressure within the fuel pressure chamber 1§ is
rapidly increased by the descending motion of the
plunger 12, and as a result, when the fuel pressure i1n the
fuel pressure chamber 15 becomes higher than a prede-
termined pressure, such as 1500 kg/cm?, the needle 7 is
opened to inject fuel from the nozzle hole 3. At this
timne, although a high pressure of fuel is also applied via
the fuel overflow passage 50 to the pressurized fuel
introducing chamber 41 of the overflow valve 31, such
a high pressure of fuel does not operate the overflow
valve 31 since the area for receiving the fuel pressure is
the same on both sides of the pressurized fuel introduc-
ing chamber 41.

Next, when the piezoelectric element 77 i1s dis-
charged, to complete a fuel injection, the piezoelectric
element 77 is contracted. As a result, since the piston 73
1s moved upward by the spring force of the compression
spring 81, the fuel pressures within the variable volume
chamber 78 and the valve chamber 67a are reduced.
When the pressure of the valve chamber 67a 1s reduced,
the pressure of the pressure chamber 66 becomes higher
than the pressure of the valve chamber 674, the valve
member 67d is rapidly separated from the valve seat
67b, and accordingly, the pressure of the pressure con-
trol chamber 66 1s rapidly reduced at approximately the
same rate as for the variable volume chamber 78 and the
valve chamber 67a. As explained above, the mass of the
rod 60 and the overflow valve 31 1s small, and therefore,
when the pressure in the pressure control chamber 66 is
reduced, the rod 60 and the overflow valve 31 are rap-
idly moved to the right in FIGS. 1 and 2 by the spring
force of the compression spring 45, so that the ring-
shaped valve portion 40 of the overflow valve 31 is
separated from the valve seat 35 to rapidiy open the
overflow valve 31. When the overflow valve 31 is
opened, high pressure fuel in the fuel pressure chamber
15 is injected, via the fuel overflow passage 50 and the
pressurized fuel introducing chamber 41, to the fuel
overflow chamber 42, so that the fuel pressure in the
fuel pressure chamber 15 i1s rapidly reduced. Further,
the volume of the fuel overflow chamber 42 is so small
that the fuel pressure of the fuel overflow chamber 42
becomes temporarily high when pressurized fuel 1s in-
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jected into the fuel overflow chamber 42. As explained
above, since the second ring-shaped fitting portion 39 is
formed between the end surface 48 of the large-radius
portion 37 of the overflow valve 31 and the fuel over-
flow chamber 42, a high pressure of fuel generated
within the fuel overflow chamber 42 does not act on the
end face of the large-radius portion 37 of the overflow
valve 31. As a result, the high pressure generated in the
fuel overtflow chamber 42 acts only on the area between
the cross-section of the large-radius hole of the slidable
hole 30 and that of the small-radius hole 32 toward the
opening direction of the overflow valve 31. Thus, the
overflow valve 31 is activated to move in the opening
direction by the high pressure generated in the fuel
overflow chamber 42. Also, when high pressure fuel is
injected into the fuel overflow chamber 42, a part of this
fuel 1s injected from the fuel passage 47 via the fuel
passage 46 of the overflow valve 31 to the overflow
valve back-pressure chamber 44. Thus, when high pres-
sure fuel is injected from the fuel passage 47, an opening
activation force is applied by the reaction of the injec-
tion operation to the overflow valve 31 to open. Also,
when the high pressure fuel is injected into the over-
flow valve back-pressure chamber 44, the pressure in
the chamber 44 is increased so that an opening activa-
tion force 1s also applied to the overflow valve 31 by the
fuel pressure of the chamber 44. Thus, when the over-
flow valve 31 is opened, an opening activation force is
applied thereto by the increase of pressure in the fuel
overflow chamber 42, the injection operation from the
fuel passage 47, and the increase of pressure in the over-
flow valve back-pressure chamber 44. Therefore, imme-
diately after the ring-shaped valve portion 40 is sepa-
rated from the valve seat 35, the overflow valve 31 is
rapidly opened. Further, once the overflow valve 31 is
opened, this open state of the overflow valve 31 1s held.
Therefore, when the overflow valve 31 is opened, the
fuel pressure in the fuel pressure chamber 15 is continu-
ously reduced and accordingly, when the overflow
valve 31 is opened, the needle 7 rapidly descends to stop
the fuel injection. Also, when the engine speed or the
engine load, becomes larger, the pressure of the pressur-
ized fuel in the fuel pressure chamber 15 becomes
higher, and therefore, the increase of the pressure in the
fuel overflow chamber 42 is large when the overflow
valve 31 1s opened. Further, at this time, the fuel injec-
tton operation from the fuel passage 47 is strong, to
enlarge the increase of the overflow valve back-pres-
sure chamber 44. Therefore, when the engine speed or
the engine load is larger, the opening activation force
for the overflow valve 31 is stronger. Furthermore, to
open the overflow valve 31, when the piezoelectric
element 77 1s contracted to reduce the fuel pressure of
the variable volume chamber 78, low-pressure fuel is
supplied to the variable volume chamber 78 if the pres-
sure of the variable volume chamber 78 is lower than
that of the fuel inlet passage 87 (FIG. 5).

Next, when the plunger 12 further descends, the cir-
cumferential groove 26 formed on the outer circumfer-
ence of the plunger 12 is connected to the fuel supply
port 20 and the fuel port 21. At this time, although the
overflow valve 31 is usually open, when the overflow
31 1s closed for some reason, the pressure in the fuel
pressure chamber 15 is still high. Therefore, the circum-
ferential groove 26 is connected to the fuel supply port
20 and the fuel port 21, and high pressure fuel in the fuel
pressure chamber 15 is injected, via the fuel relief valve
27 and the circumferential groove 26, to the fuel supply
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port 20 and the fuel port 21. At this time, the high pres-
sure fuel injected into the fuel supply port 20 and the
fuel port 21 cannot flow into the cooling chamber 80,

due to the check valve 90, and thus flows, via the fuel

passages 51 and 52, to the overflow valve back-pressure
chamber 44, and further flows, via the fuel passages 46
and 47, to the fuel overflow chamber 42. As a result,
when the overflow chamber 44, and the fuel overflow
chamber 42 are at a high pressure, a large opening force
is applied to the overflow valve 31, and thus this over-
flow valve 31 is forcibly opened, therefore, the circum-
ferential groove 26 serves as a fail-sate to prevent a
closing of overflow valve 31 for some reason.

Next, the plunger 12 rises to the upper position
thereof, and again descends, whereby a strong down-
ward drive force is applied to the plunger 12, so that the
fuel presume of the fuel pressure 15 becomes higher
than 1500 kg/cm?. Nevertheless, since the slidable hole
30 is arranged on the side of the plunger 12, the shdable
hole 30 cannot be distorted, thus ensuring a smooth
sliding operation of the overflow valve 31. Also, since
the slidable hole 30 is arranged traversely to the plunger
12, the slidable hole 30 can be positioned close to the
fuel pressure chamber 15, and as a result, the fuel over-
flow passage 50 can be shortened, and accordingly, the
volume of the fuel pressure chamber 13 can be reduced.
Therefore, since the fuel pressure in the fuel pressure
chamber 15 can be easily made high, a good atomization
of injected fuel can be obtained. Further, since the vol-
ume of the fuel pressure chamber 15 can be small, when
the overflow value 31 is opened, the fuel pressure in the
fuel pressure chamber 15 is rapidly reduced to promptly
stop a fuel injection. Therefore, after the overtlow
valve 31 is opened, the generation of smoke can be
suppressed since a fuel injection cannot continue under
a Jow pressure state. Also, the output of the engine can
be improved, and the fuel consumption can be 1m-
proved. Further, since the fuel injection amount rapidly
rises and ends in response to the opening/closing opera-
tion of the overflow valve 31, an excellent pilot injec-

tion can be carried out.
Also, the width of the unit injector can be shortened

by forming the slidable hole 30 traversely on the side of
the plunger 12. Furthermore, the width of the unit in-
jector can be further shortened by arranging the axial
line of the piezoelectric element 77 perpendicular to the
coaxial line of the slidable hole 30 and the rod 69, i.e., 1n
parallel with the coaxial line of the plunger 12 and the

needle 7.
To initiate a fuel injection, since the pressure within

the pressure control chamber rises at a low rate, the
overflow valve is moved in the closing direction at a
low rate. Therefore, bouncing of the overflow valve at
the valve seat cannot occur, and once the overflow
valve is seated on the valve seat the overflow valve
remains closed, thus securely closing the overflow
valve. As a resuit, the fuel injection pressure smoothly
rises to a high pressure, and an excellent fuel injection
can be carried out. Also, to stop a fuel injection, since
the pressure in the pressure control chamber i1s rapidly
reduced, so that the overflow valve 1s rapidly opened, a
clean cut-off of the fuel is obtained.

The above-mentioned fuel injection apparatus includ-
ing the pressure control mechanism is further improved
by providing an electrical apparatus for driving the
piezoelectric element 77 according to the present inven-
tion, as now explained.
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In FIG. 8, which illustrates a general apparatus for
driving the piezoelectric element 77 of FI1GS. 1 through
7, a charging switching means B recetves a DC output
of a high DC voltage generating means A, to apply a
high DC voltage to the piezoelectric element 77,
thereby expanding the piezoelectric element 77. As a
result, the valve member 67 is sealed on the vaive seat
675, and therefore, the valve is closed. Contrary to this,
a discharging switching means C discharges the piezo-
electric element 77, thereby contracting the piezoelec-
tric element 77, and as a result, the valve member 674 1s
separated from the valve seat 674, and therefore, the
valve i1s opened.

A known apparatus for driving the piezoelectric ele-
ment 77 of FIG. 8, is shown in FIG. 9. In FIG. 9, 101
designates a 12 V battery which supplies power via an
ignition switch 102 to a high voltage generating circuit
103. This light voltage generating circuit 103 converts
the battery voltage 12 V into a voltage of 300 V on the
like and applies it to a condenser 104.

The high voltage generating circuit 103 is formed by
a high frequency oscillation circuit 1031, a step-up
transformer 1032 as a step-up circuit, a transistor 1033
for turning ON and OFF .the primary coil of the step-up
transformer 1032, and a diode 1034 for supplying a
positive voltage generated in the secondary coil of the
step-up transformer 1032 to a condenser 104.

Also, a thyristor 1051 and a coil 1052 are provided as
a charging switching circuit means 105, and a thyristor
1061 and a coil 1062 are provided as a discharging
switching circuit (means) 106. The thyristor 1051 1s
turned ON by a valve closing ignition signal (pulse) Si,
and the thyristor 1061 is turned ON by a valve opening
ignition signal (pulse) S».

The coil 1052 is used for forming on LC oscillation
circuit. Therefore, when the thyristor 1051 1s turned
ON, an LC osciilation circuit 1s formed by the con-
denser 104, the coil 1052 and the piezoelectric element
77, thereby enhancing the reduction of the voltage of
the condenser 104 and the increase of the voltage of the
piezoelectric element 77. Thereafter, the thynistor 1051
is turned OFF by natural commutation.

The coil 1062 is also used for forming an LL.C oscilla-
tion circuit. Therefore, when the thyristor 1061 1is
turned ON, an LC oscillation circuit 1s formed by, the
coil 1062 and the piezoelectric element 77, thereby
enhancing the reduction of the voltage of the piezoelec-
tric element 77. Thereafter, the thyristor 1061 1s turned
OFF by natural commutation. As a result, the dis-
charged voltage of the piezoelectric element 77 be-
comes lower than the earth voltage (0 V); for example,
1s —200 V.

Reference 107 is a Zener diode, and a voltage detect-
ing circuit 108 detects that the charged voltage of the
condenser 104 i1s higher than a voltage determined by
the Zener diode 107, to suppress the driving of the high
frequency oscillation circuit 1031. That 1s, the charged
voltage of the condenser 104 is defined as a predeter-
mined vaiue.

In the driving apparatus of FIG. 9, when a valve
closing signal St is output as shown in FIG. 10A, the
charged voltage of the piezoelectric element 77 1s rap-
idly increased, and therefore, the displacement speed of
the piezoelectric element 77 is also rapidly increased.
As a result, since a fuel pressure 1s present as a displace-
ment amplification mechanism in the vanable volume
chamber 78, the pressure P of the fuel-variable volume
chamber 78 is rapidly increased before the valve mem-
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ber 674 is moved. Accordingly, a peak value (such as
800 V) is generated in the charged voltage by the reac-
tion of the element 77, and simultaneously, since the
valve member 67d receives a repulsive force corre-
sponding to the above-mentioned pressure P of the
variable volume chamber 78 and the displacement
speed thereof is very large. As a result, when the valve
member 674 is seated on the valve seat 675, the valve
member 67d receives a large repulsive force therefrom,
thus creating a bounce of the overflow valve 31 as
indicated by an arrow X. When a bounce occurs, the
linear characteristic of the fuel injection amount to the
time is reduced, and vibration of the injection rate at an
initial stage of an injection and a reduction of the pres-
sure of an injection, and the like, are invited.

Note that, to avoid the above-mentioned bounce,
there is known a driving apparatus wherein a charging
voltage is applied by two stages to the piezoelectric
element (see; Unexamined Japanese Patent Publication
(Kokai) No. 62-142845). That is, when the valve mems-
ber 674 is moved a 70 per cent distance along a full
stroke, the applied voltage to the piezoelectric element
77 1s temporarily made O, and thereafter, the applied
voltage is restored. This is helpful where the displace-
ment of the piezoelectric element 77 1s transmitted via
an elastic member, a spring, or the like to the piezoelec-
tric element 77, but not where the displacement of the
piezoelectric element 77 is transmitted via a liquid (fuel)
to the valve member 674. In the latter case, the inver-
sion of the applied voltage to 0 V implies that the valve
member 674 i1s moved toward the opposite direction, so
that it is impossible to close the valve member 674, and
thus this does not help to avoid the above-mentioned

bounce.

In FIG. 11, which illustrates a first embodiment of
the apparatus for the driving a piezoelectric element
according to the present invention, a first-stage charg-
ing condenser 104a and a second-stage charging con-
denser 1044 are provided instead of the condenser 104
of FIG. 9, and thyrnistors 1051a and 10515 are provided
in the charging switching circuit 105. Note that the
voltage detecting circuit 108 monitors the voltage of the
second-stage charging condenser 10456 to define the
operation of the high frequency oscillation circuit 1031.

In FIG. 11, since three thyristors, i.e., the first-stage
valve closing thyristor 1051a, the second-stage valve
closing thyristor 10515, and the valve opening thyristor
1061, are present, a thyristor ignition circuit as illus-
trated in FIG. 13 is provided in the control circuit (mi-
‘crocomputer, not shown). That is, the thyristor 1gnition
circuit is comprised of three mono-stable multivibrators
1301 to 1303, a delay circuit 1304, and three driven
circuits 1305 to 1307. Here, the mono-stable multivibra-
tor 1301 generates a pulse having a definite duration at
every rise of a piezoelectric element driving signal Sy
generated in the control circuit, to turn ON the driver
circuit 1305 and thereby generate a first-stage valve
- closing 1gnition signal S;. Also, the mono-stable multivi-
brator 1302 generates a pulse having a definite duration
at every rise of the delayed piezoelectric element driv-
ing signal Sy by the delay circuit 1304, to turn ON the
driver circuit 1306 and thereby generate a second-stage
valve closing ignition signal S;’. Further, the mono-sta-
ble muitivibrator 1303 generates a pulse having a defi-
nite duration at every fall of a piezoelectric element
driving signal Sgzto turn ON the driven circuit 1307 and
thereby generate a valve opening ignition signal S,.
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The operation of the circuit of FIG. 11 will be ex-
plained with reference to FIGS. 12A through 12F.

Before the charging operation of the piezoelectric
element 77, the high voltage generating circuit 103 1s
operated by a charging signal S, and a high voltage is
capacitively divided by the two condensers 104a and
10456 and accumulated therein. In the high frequency
generating circuit 103, the transistor 1033 1s turned ON
and OFF by the pulse signal of the high frequency
oscillation circuit 1031, a primary current flows
through the primary coil of the step-up transformer
1032 when the transistor 1033 i1s turned ON, and ac-
cordingly, magnetic flux energy is accumulated in the
core of the transformer. Next, when the transistor 1033
is changed from an ON state to an OFF state, the above-
mentioned accumulated magnetic flux energy appears
as a generated voltage, such as 300 V, in the secondary
coil of the stop-up transformer 1032, when the pulse
duration of the pulse signal of the high frequency oscil-
lation circuit 1031 1s definite, this generated voltage 1s
definite. This generated voltage is accumulated via the
diode 1034 in the condensers 104g and 104), and after a
certain time has passed, the voltage of the condensers
1044 and 1046 becomes equal to the generated voltage
300 V of the secondary coil of the step-up transformer
1032. At this time, this generated voltage 300 V is ca-
pacitively divided by the condensers 104aq and 1045, and
as a result, the terminal voltages V;and V of the con-
densers are as follows.

Ch

[ZEE

Va —
Cq

T+ G Y

Vy =

where C,; and C, are capacitances of the condensers
104a and 1040, respectively,

Next, when the first-stage valve closing signal S is
generated, the thyristor 1051¢a is turned ON, so that an
L.C oscillation circutt 1s formed by the condenser 1044,
the coil 1052, and the piezoelectric element 77. Thus.
charges accumulated in the condenser 104ag are moved
to the piezoelectric element 77, to charge the element
77. In this case, due to the presence of the above-men-
tioned LC osciliation circuit the terminal voltage Vpzr
of the piezoelectric element 77 becomes higher than the
final voltage of the condenser 104q, and thereafter, the
thynistor 1051a is turned ON by natural commutation.
As a result, the piezoelectric element 77 1s charged at
the first predetermined voltage (350 V), so that the
valve member 67d of FIG. 8 is displaced toward the
valve seat 67b. Therefore, the pressure P of the variable
volume chamber 78 is rapidly increased, and thereafter
1s decreased, due to the displacement of the valve mem-
ber 67d. In this case, however, since the first predeter-
mined voltage 1s so low that the valve member 674 can
reach the valve seat 675, the peak value of P is small,
and the striking force (initial generated force) of the
valve member 674 1s also small, thereby suppressing the
motion speed of the valve member 674. At this time, the
terminal voltage V pzrof the piezoelectric element 77 is
increased, and thereafter, is decreased, by the reaction
of the pressure P, but also in this case, the peak value
thereof 1s small.

Next, when a predetermined time such as 200 us has
passed, so that the valve member 674 reaches the pe-
riphery of the valve seat 675, the second-stage valve
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closing ignition signal S’ is generated, to turn ON the
thyristor 10515. As a result, an L.C oscillation circuit 1s
formed by the condenser 104b, the coil 1052, and the
piezoelectric element 77, and therefore, the charges of
the condenser 1045 are-moved to the piezoelectric ele-
ment 77 which is further charged to obtain a required
applied voltage of 800 V. In this case, due to the pres-
ence of the above-mentioned LC oscillation circuit, the
terminal voltage V pz7 of the piezoelectric element 77
becomes higher than the sum of the voltages of the
condensers 104a and 1045, and thereafter, the thyristor
10515 is turned OFF by natural commutation. As a
result, the valve member 67d reaches the valve seat 67
at a lower rate compared with the case where 800 V is
applied by one stage to the element 77. In addition, the
generated force of the piezoelectric element 77 is the
maximum, when the valve member 67d is seated on the
valve seat 67b in the same way as in the prior art, and
- therefore, the valve member 674 can reach the valve
seat 676 with a valve closing force of 800 V, without

bounce.
In the above-mentioned state, after a predetermined

time has passed, the valve opening ignition signal Sp1s

generated and the thyristor 1061 is turned ON, so that
an LC oscillation circuit 1s formed by the piezoelectric
element 77 and the coil 1062. Thus charges accumulated
in the piezoelectric element 77 are discharged. In this
case, due to the presence of the above-mentioned LC
oscillation circuit, the terminal voltage Vpz7r of the
piezoelectric element 77 becomes lower than G V, for
example, becomes — 150 V, and thereafter, the thyristor
1061 is turned OFF by natural commutation. Thus, the
valve member 67d reaches the valve seat 675 at a lower
rate, compared with the case where the voltage of 800
V is applied by one stage. In addition, the generated
force of the piezoelectric element 77 at the time of seat-
ing on the valve seat 675 is the same as that of the prior
art. Therefore, the valve member 67d can reach the
valve seat 67b at the valve closing force of the second
predetermined voltage 800 V without generating
"ounce. That is, the valve closing force is the same only
when the final applied voltage is the same, regardless of
whether the charging is one-stage or two-stage.

The increase of P due to the delay of the displace-
ment of the valve 674 is absorbed by the motion of the
valve member 674 during a first stage charging mode.
At a second stage charging mode of 800 V, there 1s no
vibration of voltage by the reaction of the fuel pressure
due to the response delay of the motion of the valve
member 67d, and the peak value of the terminal voltage
V pzr of the piezoelectric element 77 almost coincides
with the flat value thereof. Accordingly, when the peak
value the terminal voltage Vpzr of the piezoelectric
element 77 is definite, i.e., when the withstanding volt-
age of the piezoelectric element 77 is the same, the flat
value (corresponding to the applied voltage) of the
terminal voltage after the completion of charging can
be increased compared with the one-stage charging
type. Therefore, it 1s possible to further suppress bounce
by generating a larger valve closing force.

FIG. 15 illustrates a second embodiment of the appa-
ratus for driving a piezoelectric element according to
the present invention, different from FIG. 11 in that the
first-stage charging condenser 104¢ and the second-
stage charging condenser 1046 are connected in paral-
lel, and therefore, the condensers 104a and 1040 are
charged at approximately the same voltage. Note that a
diode 104c¢ is used to avoid a reverse current. That 1s,
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the terminal voltages V;and V of the condensers 104a
and 104H are as follows:

The operation of the circuit of FIG. 15 will be ex-
plained with reference to FIGS. 16A through 16H.

Before the charging operation of the piezoelectric
element 77, the high voltage generating circuit 103 is
operated by a charging signal Sg, and a high voltage is
capacitively simultaneously accumulated in the two
condensers 104a and 1045.

Next, when the first-stage valve closing ignition sig-
nal S 1s generated, the thyristor 10581z 1s turned ON, so
that an LC oscillation circuit 1s formed by the con-
denser 1044, the coil 1052, and the piezoelectric element
77, and thus charges accumulated in the condenser 1044
are moved to the piezoelectric element 77, to charge the
element 77. In this case, due to the presence of the
above-mentioned LC oscillation circuit the terminal
voltage V pzr of the piezoelectric element 77 becomes
higher than the final voltage of the condenser 1044, and
thereafter, the thyristor 1051¢ is turned OFF by natural

commutation.

Next, when a predetermined time has passed so that
the valve member 674 reaches the periphery of the
valve seat 675, the second-stage valve closing i1gnition
signal Sy’ 1s generated to turn ON the thyristor 10515.
As a result, an LC oscillation circuit 1s formed by the
condenser 1045, the coil 1052, and the piezoelectric
element 77, and therefore, the charges of the condenser
104 are moved to the piezoelectric element 77, which
1s further charged. In this case, due to the presence of
the above-mentioned LC oscillation circuit, the termai-
nal voltage Vpzr of the piezoelectric element 77 be-
comes higher than the voltage of the condenser 1045,
and thereafter, the thyristor 105156 i1s turned OFF by
natural commutation.

In the above-mentioned state, after a predetermined
time has passed, the valve opening ignition signal S 1s
generated and the thynistor 1061 i1s turned ON, so that
an LC oscillation circuit 1s formed by the piezoelectric
element 77 and the coil 1062, thus charges accumulated
in the piezoelectric element 77 are discharged. In this
case, due to the presence of the above-mentioned LL.C
oscillation circuit, the terminal voltage Vpzr of the
piezoelectric element 77 becomes lower than 0 V, for
example, becomes — 150 V, and thereafter the thyristor
1061 is turned OFF by natural commutation.

Thus, also in the second embodiment, the charging
voltage of the piezoelectric element 77 is controlled in
two-stages in the same way as in the first embodiment.

As shown i FIG. 17 which illustrates a third embodi-
ment of the driving apparatus for a piezoelectric ele-
ment according to the present invention, the first-stage
charging condenser 104¢ and the second-stage charging
condenser 1046 are charged by two separate high voit-
age generating circuits 103 and 103'. In this case, al-
though the apparatus is larger compared with those of
the first and second embodiments, there 1s an advantage
in that the charging power can be increased. Note that
the operation of the circuit of FIG. 17 1s almost the
same as that of F1G. 18.

Note that the above-mentioned embodiments of
FIGS. 11, 15, and 17 can be also applied to a fuel injec-
tion apparatus not provided with the pressure control
mechanism of FIGS. 1to 7.
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As explained above, according to the driving appara-
tus of the present invention, since the voltage applied to
the piezoelectric element 77 1s increased by two-stages,

bounce of the valve member can be avoided. Therefore,

when the present invention 1s applied to a fuel injection
valve, the reduction of linear characteristics of the fuel
injection amount to the time, the vibration of the fuel
injection rate at an initial stage of an injection, and the
reduction of pressure of an injection, can be avoided.

We claim:

1. An apparatus for driving a piezoelectric element to
transmit a displacement of said piezoelectric element via
a liquid to a valve member, for closing and opening said
valve member, comprising:

a high DC voltage generating means; a charging
switching means, connected to said mgh DC volt-
age generating means and said piezoelectric ele-
ment, for generating a first voltage and applying
said first voltage to said piezoelectric element for a
predetermined time so that said valve member
reaches a position near to a valve seat, and thereaf-
ter, Increasing a voltage applied to said piezoelec-
tric element from said first voltage to a second
voltage higher than said first voltage so that said
valve member 1s seated on said wvalve seat, to
thereby close said valve; and

a discharging switching means, connected to said
piezoelectric element, for discharging charges
stored 1n said piezoelectric element to open said
valve.

2. An apparatus as set forth in claim 1, wherein said

high DC voltage generating means comprises:

a battery;

a DC/DC converter, connected to said battery, for
generating a DC output; and

first and second condensers connected in series, and
connected to said DC/DC converter, for accumu-
lating the DC output thereof.

3. An apparatus as set forth in claim 2, wherein said

charging switching means comprises:

a first charging thyristor and a first coil connected in
series between said first condenser and said piezo-
electric element; and

a second charging thyristor and a second coil con-
nected in series between said second condenser and
sald piezoelectric element,

an LC oscillation circuit being formed by said first
condenser, said first coil, and said piezoelectric
element, to generate said first voltage, when said
first charging thyristor is turned ON by a first clos-
ing signal,

an LC oscillation circuit being formed by said second
condenser, said second coil, and said piezoelectric
element, to generate said second voltage, when
satd second charging thyristor i1s turned ON by a
second closing signal.

4. An apparatus as set forth in claim 3, wherein said

first coil serves as said second coil.

5. An apparatus as set forth in claim 3, further com-
prising means, connected to said first or second con-
denser and to said DC/DC converter, for suppressing
the operation thereof when the voltage of said first or
second condenser is higher than a predetermined volt-
age.

6. An apparatus as set forth in claim 1, wherein said
high DC voitage generating means comprises:

a battery;
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a DC/DC converter, connected to said battery, for
generating a DC output;

first and second condensers connected in parallel and
connected in parallel to said DC/DC converter,
for accumulating the DC output thereof; and

a reverse-current avoiding element connected be-
tween said first and second condensers.

7. An apparatus as set forth in claim 6, wherein said

charging switching means comprises:

a first charging thyristor and a first coil connected in
series between said first condenser and said piezo-
electric element: and

a second charging thyristor and a second coil con-
nected in series between said second condenser and
said piezoelectric element,

an LC oscillation circuit being formed by said first
condenser, said first coil, and said piezoelectric
element, to generate said first voltage, when said
first charging thyristor is turned ON by a first clos-
Ing signal, .

an LC oscillation circuit being formed by said second
condenser, said second coil, and said piezoelectric
element, to generate said second voltage, when
sald second charging thyristor is turned ON by a
second closing signal.

8. An apparatus as set forth in claim 7, wherein said

first coil serves as said second coil.

9. An apparatus as set forth in claim 6, further com-
prising means, connected to said first or second con-
denser and to said DC/DC converter, for suppressing
the operation thereof when the voltage of said first or
second condenser is higher than a predetermined volt-
age.

10. An apparatus as set forth in claim 1, wherein said
high DC generating means comprises:

a battery;

first and second DC/DC converter, connected to
said battery, for generating DC outputs; and

first and second condensers, connected to said first
and second DC/DC converters, respectively, for
accumulating the DC output thereof.

11. An apparatus as set forth in clam 10, wherein said

charging switching means comprises:

a first charging thyristor and a first coil connected in
series between said first condenser and said piezo-
electric element; and

a second charging thyristor and a second coil con-
nected in series between said second condenser and
said piezoelectric element,

an LC oscillation circuit being formed by said first
condenser, said first coil, and said piezoelectric
element, to generate said first voltage, when said
first charging thyristor is turned ON by a first clos-
ing signal,

an L C oscillation circuit being formed by said second
condenser, said second coil, and said piezoelectric
element, to generate said second voltage, when
sald second charging thyristor is turned ON by a
second closing signal.

12. An apparatus as set forth in claim 11, wherein said

first coil serves as said second coil.

13. An apparatus as set forth in claim 10, further
comprising;:

means, connected to said first condenser and to said
first DC/DC converter, for suppressing the opera-
tion thereof when the voltage of said first second
condenser 1s higher than a predetermined voltage;
and
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means, connected to said second condenser and to and connected in parallel with said piezoelectric
said second DC/DC converter, for suppressing the element,
operation thereof when the voltage of said second an LC oscillation circuit being formed by said coil
condenser is higher than a predetermined voltage. and said piezoelectric elementf to dlscha.rge the
14. An apparatus as set forth in claim 1, wherein said 5 charges stored therein, when sa;d -dlgchargmg thy-
discharging switching means comprises: ristor is turned ON by an opening signal.

a discharging thyristor and a coil connected in series * x X x &
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5 057,734 Page 1 of 2

DATED . October 15, 1991
INVENTOR(S) : Naoyuki TSUZUKI, et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 21, change "move" to --moving--.

Column 2, line 20, change "fine" to --line--.

Column 2, line 30, change "piezoelectric" to
--plezoelectric element--. |

Column 2, line 34, change "10B" to --10E--.

Column 4, line 25, change "y" to --by--. |

Column 4, line 31, change "3" to --31--.

Column 4, line 41, change "4" to --44--,

Column 6, line 33, chance ”'kg/cmz.” to ~~3kg/cm2.~-.
Column 9, line 17, chance "presume" to --pressure--.
Column 9, line 17, change "pressure 15" to --pressure

chamber 15--.

Column 10, line 7, change "67" to --67d--.
Column 10, line 12, change "67d," to --67b,--.

Column 10, line 20, change "on" to --or--.
Column 10, line 35, change "on" to --an--. |
Column 11, line 37, change "the driving a" to --driving a--. |

Column 12, line 18, change "stop-up" to --step-up.--.

Column 13, line 41, change "ounce" to --bounce--.
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It is certified that esror appears in the above-identified patent and that said Letters Patent is herehy
corrected as shown below:

Column 13, line 45, change "valve" to --valve member--.

Column 13, line 53, change "value the" to --value of the-—.

In the Claims:

Column 16, line 37, change 'converter," to --converters,--.

Column 16, line 66, change "first second" to --first--—.
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Thirteenth Day of July, 1993
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